Essential oils obtained by hydrodistillation of female cones (FC), male cones (MC), needle-twigs (NT) and wood-bark (WB) of 'Carolina Sapphire' [Cupressus arizonica var glabra (Sudw.) Little] were analyzed simultaneously by gas chromatography (GC) and gas chromatography-mass spectrometry (GC/MS). The main constituents of the investigated essential oils were as follows: FC: -pinene 68.5% and myrcene 11.9%; MC: -pinene 22.5%, epizonarene 9.9%, zonarene 6.9%, limonene 6.8% and cadina-3,5-diene 6.1%; NT: -pinene 20.7%, epi-zonarene 10.4%, zonarene 7.6%, limonene 5.9% umbellulone 5.8% and cadina-3,5-diene 5.8%; WB: -pinene 40.7%, limonene 3.2% and umbellulone 2.9%. Essential oils were evaluated for antifungal activity against the strawberry anthracnose causing fungal plant pathogens Colletotrichum acutatum, C. fragariae and C. gloeosporioides. Only WB essential oil showed moderate activity when compared with the commercial antifungal standards. Carolina Sapphire essential oils exhibited biting deterrent activity at 10 µg/cm 2 with Biting Deterrence Index (BDI) values of 0.64, 0.59, 0.65 and 0.72, for FC, MC, NT and WB, respectively, and were significantly lower (P≤0.05) than the synthetic insect repellent, DEET (N,N-diethyl-meta-toluamide), at 25 nmol/cm 2 against Aedes aegypti. The biting deterrence of NT and WB oils at 100 µg/cm 2 with BDI values of 1.04 and 1.01, respectively, were similar, whereas the activity of MC (BDI=0.88) and FC (BDI=0.62) essential oils was lower than DEET at 25 nmol/cm 2 . Essential oil from FC with LD 50 of 33.7 ppm was most toxic against 1-day-old Ae. aegypti larvae at 24-h post treatment. Female cone essential oil was significantly more toxic than MC (LD 50 =53.6 ppm), NT (LD 50 =55.5 ppm) and WB (LD 50 =44.6 ppm) essential oils.
Cypress oil has historically been used as an astringent, antiseptic, cough suppressant and as an immunostimulant. Arizona Cypress (Cupressus arizonica E.L. Greene, Cupressaceae) is a cypress species which is similar to the Mediterranean cypress, but is native to southwest North America. 'Carolina Sapphire' (C. arizonica var. glabra (Sudw.) Little is a cultivar of the Arizona cypress which was selected in 1968 from germinated wild Arizona Cypress seeds collected in the western United States. It is a fast-growing, loosely pyramidal-shaped evergreen plant developed by Clemson University in cooperation with the South Carolina Forestry Commission and is cultivated exclusively by stem cuttings. This cultivar is produced throughout the southern United States and is popularly used as a Christmas tree.
Ancient Greeks took the Cypress cones, mashed and steeped in wine to treat dysentery, asthma, and coughs [1] . Cypress oil has been used medicinally for hundreds of years as an astringent and skin tonic, cosmetically to treat broken capillaries and varicose veins, and as an immune system stimulant. Historically, cypress oil is derived from C. sempervirens, an evergreen tree native to the eastern Mediterranean region [1] . This oil is known to have a calming effect on the mind and has been used as a sedative [2,3a] . In this study, we investigated the chemical composition of the essential oils from female cones (FC), male cones (MC), needle-twigs (NT) and wood-bark (WB) by GC and GC/MS. We also evaluated these essential oils for larvicidal and biting deterrent activity against Aedes aegypti and antifungal activities against plant pathogens Colletotrichum acutatum, C. fragariae and C. gloeosporioides.
Hydrodistillation of the different parts of Carolina Sapphire produced essential oils that were separately subjected to GC-FID and GC/MS analysis (Table 1) . Main constituents of the essential oils were as follows: FC: α-pinene 68.5% and myrcene 11.9%; MC: α-pinene 22.5%, epi-zonarene 9.9%, zonarene 6.9%, limonene 6.8% and cadina-3,5-diene 6.1%; NT: α-pinene 20.7%, epi-zonarene 10.4%, zonarene 7.6%, limonene 5.9%, umbellulone 5.8%, and cadina-3,5-diene 5.8%; WB: α-pinene 40.7%, limonene 3.2% and umbellulone 2.9%.
The in vitro biting deterrence bioassay quantified the mosquito biting-deterrent properties of the essential oils. In this bioassay, the mosquito's trend for either biting or not appeared to be dependent on the biting deterrent properties of the compounds. Mean Biting Deterrence Index (BDI) values of the Carolina Sapphire essential oils are given in Figure 1 . The proportion not biting ranged between 0.86 and 0.88 in DEET (N, N-diethyl-meta-toluamide) NT and WB essential oils biting deterrent activity at 100 µg/cm 2 with BDI values of 1.04 and 1.01 respectively were statistically similar, whereas the activity of MC (BDI=0.88) and FC (BDI=0.62) oils was lower than DEET at 25 nmol/cm 2 . Carolina Sapphire essential oils biting deterrent activity at 10 µg/cm 2 with BDI values of 0.64, 0.59, 0.65 and 0.72, for FC, MC, NT and WB, respectively were significantly lower (P≤0.05) than DEET at 25 nmol/cm 2 . Data on the toxicity of Carolina Sapphire essential oils against first-instar larvae of Ae. aegypti at 24-h post treatment are given in Table 2 . Carolina Sapphire FC essential oil with LD 50 value of 33.7 ppm was the most toxic oil against 1-day-old Ae. aegypti at 24-h post treatment. Based on 95% CIs (confidence intervals), Carolina Sapphire FC essential oil was significantly more toxic than the MC (LD 50 =53.6 ppm), NT (LD 50 =55.5 ppm) and WB (LD 50 =44.6 ppm) essential oils. There was no significant increase in mortality between 24-and 48-h post-treatment. aegypti females. The treatments are: 1= MC essential oil at 100 µg/cm 2 ; 2= FC essential oil at 100 µg/cm 2 , 3= NT essential oil at 100 µg/cm 2 ; 4= WB essential oil at 100 µg/cm 2 ; 5= MC essential oil at 10 µg/cm 2 ; 6= FC essential oil at 10 µg/cm 2 , 7= NT essential oil at 10 µg/cm 2 ; 8= WB essential oil at 10 µg/cm 2 . Ethanol was the solvent control and DEET at 25 nmol/cm 2 was used as positive control. Proportion not biting in DEET ranged between 0.86 and 0.88, whereas the controls showed values between 0.24 and 0.26. Carolina Sapphire essential oils were evaluated for antifungal activity against strawberry anthracnose causing fungal plant pathogens Colletotrichum acutatum, C. fragariae and C. gloeosporioides. Only the WB essential oil showed moderate antifungal activity at 320 g/spot when compared with the commercial antifungal standards ( Table 3 ). [5] . In a recent study, Sedaghat et al. [6a] reported 13.5% umbellulone in the essential oil sample from leaves of C. arizonica from Iran. The highest percentage of umbellulone in this study was observed in the oil samples from NT (5.8%) followed by FC (4.0%); WB (2.9%) and MC (0.2%). Results of the essential oil from NT (5.8%) in this study corroborates the findings of Adams et al. [5] , who reported 5.4% of umbellulone in essential oil samples
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Natural Product Communications Vol. 8 (2) 2013 259 isolated from leaves in Texas. Variation in the percent of umbellulone in essential oil samples extracted from different parts of the plant strongly suggests that the percentage of umbellulone may vary in different plant tissues. The other major compound reported was limonene. The amount of limonene in NT essential oil (5.9%) in this study was higher than that of the USA samples (2.5%) [5] , whereas Sedaghat et al. [6a] reported a higher percentage (14.4%) of this compound from Iran. The amount of pinene in NT essential oil (20.7%) reported in this study was higher than the 11% reported from Iran [6a] and the USA samples (5.4%) [5] . Yield of -pinene was higher than the 11% (Iran) [6a], 7.6% (USA) [5] , and 10.5% (Algeria) [4a] , and similar to the 20.0% (Tunisia) [4b] and 22.9% from essential oil samples from Argentina [4c] . Ramdani et al. [6b] reported intra-population variation in the percentage of various compounds present in essential oils of Cupressus dupreziana in Tassili n'Ajjer (Algeria). Arjouni et al. [7] reported germacrene D (34.8%) and α-pinene (13.6%) as the major compounds in the essential oil of Cupressus atlantica. These data from various locations indicate a huge variation in the percentages of different compounds present in essential oils of C. arizonica, which appears to be the direct effect of environmental factors or endophyte associations prevailing in various geographical locations.
Since the oils showed promising insecticidal activity, further research is needed to find the possible use of these oils in vector management programs. 
Experimental

GC-FID and GC/MS conditions:
Cupressus arizonica essential oils were analyzed by capillary GC and GC/MS using an Agilent GC-MSD system. The same column and analysis conditions were used for both GC and GC/MS. The GC/MS analysis was carried out with an Agilent 5975 GC-MSD system. An Innowax FSC column (60 m x 0.25 mm, 0.25 m film thickness) was used with helium as carrier gas (0.8 mL/min). GC oven temperature was kept at 60C for 10 min, programmed to 220C at a rate of 4C/min, and kept constant at 220C for 10 min and then programmed to 240°C at a rate of 1°C/min. Split ratio was adjusted at 40:1. The injector temperature was 250C. The MS were taken at 70 eV. Mass range was from m/z 35 to 450. The GC analysis was carried out using an Agilent 6890N GC system. FID detector temperature was 300C. Identification of the essential oil components were carried out by comparison of their relative retention times with those of authentic samples or by comparison of their relative retention index (RRI) to a series of nalkanes. Computer matching against commercial (Wiley GC/MS Library, Adams Library, MassFinder 2.1 Library) [8,9a] , and inhouse "Baser Library of Essential Oil Constituents", built up with genuine compounds and components of known oils, as well as MS literature data [9b, 10,11a,b] , were also used.
Insects: Aedes aegypti used in larvicidal and biting deterrence bioassays were from a laboratory colony maintained at the Mosquito and Fly Research Unit at the Center for Medical, Agricultural and Veterinary Entomology, USDA, Gainesville, Florida since 1952 using standard procedures [12a] . We received the eggs and stored them in our laboratory (Biological Field Station, The University of Mississippi, Abbeville, MS 38601) until needed. Mosquitoes were reared to the adult stage by feeding the larvae on a larval diet of 2% slurry of 3:2 Beef Liver powder (Now Foods, Bloomingdale, Illinois) and Brewer's yeast (Lewis Laboratories Ltd., Westport, CT). The eggs were hatched and the larvae were held overnight in the same cup. These larvae were then transferred into 500 mL cups (about 100 larvae per cup) filled with water. Larval diet was added every day until pupation, and the mosquitoes were kept in an environment controlled room at 27˚C ± 2˚C and 60 ± 10 % RH in a photoperiod regimen of 12:12 (L: D) h. The adults were fed on cotton pads moistened with 10% sucrose solution placed on the top of screens of 4 L cages.
Mosquito biting bioassays: Bioassays were conducted using a sixcelled in vitro Klun & Debboun (K & D) module bioassay system developed by Klun et al. [12b] for quantitative evaluation of biting deterrent properties of candidate compounds. The term deterrent refers to a chemical that inhibits feeding when present in a place where the insects feed in its absence and the repellent is a chemical that causes insects to make oriented movement away from its source [12c]. The K & D system consists of a six-well reservoir with each of the 4 x 3 cm wells containing 6 mL of feeding solution. As described by Ali et al. [13a] , we used the CPDA-1 (citratephosphate-dextrose-adenine) + ATP solution instead of blood. CPDA-1 was prepared by dissolving 3.33 g sodium citrate, 0.376 g citric acid, 4.02 g dextrose, 0.28 g monobasic sodium phosphate (Fisher Scientific Chemical Co. Fairlawn, NJ 07410), and 0.0346 g of adenine (Sigma-Aldrich, St. Louis, MO 63103) in 1026 mL of de-ionized water. ATP was added to CPDA-1 to yield a 1x10 -3 M solution. CPDA-1 and ATP preparations were freshly made on the day of the test and contained a red dye that allowed for identification of mosquitoes that had fed on the solution (see below). DEET was used as a positive control. Molecular biology grade ethanol (Fisher Scientific Chemical Co. Fairlawn, NJ) was used as solvent control. Stock and dilutions of all essential oils and DEET were prepared in ethanol. All essential oils were evaluated at dosages of 100-and 10 µg/cm 2 and DEET was tested at a concentration of 25 nmol/cm 2 as positive control. Treatments were prepared fresh at the time of bioassay.
During the bioassay, the temperature of the solution in the reservoirs covered with a collagen membrane was maintained at 37.5°C by circulating water through the reservoir with a temperature-controlled circulatory bath. The test compounds and controls were randomly applied to six 4 x 3 cm marked portions of nylon organdy strip, which was positioned over the 6, membranecovered wells. A Teflon separator was placed between the treated cloth and module. A six-celled K & D module containing five 10-18 d-old females per cell was positioned over the 6 wells, trap doors were opened and mosquitoes allowed access for a 3 min period, after which they were collected back into the module. Mosquitoes were squashed and the presence of red dye (or not) in the gut was used as an indicator of feeding. A replicate consisted of 6 treatments: 4 oils, DEET (a positive control) and 100% ethanol as solvent control. Five replicates were conducted per day using new batches of mosquitoes in each replication. Bioassays were conducted between 13:00 and 16:00 h and 10 replications were conducted for each treatment.
Larval bioassays: Bioassays were conducted using the system described by Pridgeon et al. [12a] . Eggs were hatched and larvae were held overnight in the hatching cup in a temperature-controlled room maintained at a temperature of 27 ± 2 º C and 60 ± 10% RH. Five 1-d-old larvae were transferred in a 30-40 µL droplet of water to each well of 24-well tissue culture plates. Fifty µL of larval diet (2% slurry of 3:2 Beef Liver powder and Brewer's yeast and 1 mL of deionized water were added to each well by using a Finnpipette
